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HIGH DENS ITY" PAfTK" A(TR TNTTF B.CONNEC T POWER AND 

GROUND STRAP AND METHOD TH^RTTTR" 

This application is related to concurrently filed application titled, "High Density 
Package Interconnect Wire Bond Strip Line and Method Therefor," Attorney Docket 
Number US02 0512P and is herein incorporated by reference in its entirety. 

The invention relates to the field of integrated circuit packaging, and particularly to 
the connecting of power or ground pads of a device to a package. 

As integrated circuit technology improves to increase the density and complexity of 
devices that may be rendered in a given area of substrate, a significant challenge is posed to 
the packaging of these devices, hi computer applications, for example, the width of the data 
bus has increased from 16, 32, 64, to 128 bits and beyond. During the movement of data in 
a system it is not uncommon for a bus to have simultaneously switching outputs (SSOs). 
The SSOs often result in the power and ground rails of the chip experiencing noise owing to 
the large transient currents present during the SSOs. If the noise is severe, the ground and 
power rails shift from their prescribed voltage causing unpredictable behavior in the chip. 

In a BGA (Ball Grid Array) package, bond wires are often used to connect the 
device die to the ground on the package. In high pin count BGAs, a ground ring is 
commonly used. These bond wires are sometimes placed in close proximity to signal bond 
wires to control the impedance of signal bond wires by creating a coplanar waveguide 
structure. 

U.S. Patents 5,872,403 and 6,083,772 are directed to a structure and method of 
mounting a power semiconductor die on a substrate. They are directed in general, to power 
electronics and more specifically, to a low impedance heavy current conductor for a power 
device and method of manufacture therefor. 

U.S. Patent 6,319,775 Bl relates to a method of making an integrated circuit 
package, and in particular to a process for attaching a conductive strap to an integrated 
circuit die and a lead frame. This patent and the previous two cited are incorporated by 
reference in their entirety. 

The present invention is advantageous in reducing the impedance of the paths 
connecting the power or ground of the device and the BGA package. Furthermore, the 
present invention can control the impedance of the signal bond wires by placing a ground 
strap at a predetermined distance from the signal bond wires. 
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In an example embodiment, there is an integrated circuit device comprising an 
integrated circuit having a plurality of grounding pads, signal pads, and power pads; and a 
package for mounting the integrated circuit. The package comprises a plurality of pad 
landings a grounding ring surrounding the integrated circuit and a grounding strap coupling 
the grounding ring to the grounding pads of the integrated circuit. 

Additional advantages and novel features will be set forth in the description which 
follows, and in part may become apparent to those skilled in the art upon examination of the 
following, or may be learned by practice of the invention. 

The invention is explained in further details, by way of examples, and with reference 
to the accompanying drawings wherein: FIG. \ is a plot of bond wire height over the 
ground strap v. impedance; FIG. 2 is a top view of an embodiment according to the present 
invention; FIG. 2A is a side view of the embodiment depicted in FIG. 2; FIG. 3 is a side 
view of the power/ground strap depicted in FIG. 2A comprised of a composite of materials; 
FIG. 4 is a detailed top view of a power/ground strap and how it is attached to an IC device 
die power/ground pad in accordance with the present invention; FIG. 5 depicts another 
embodiment of a power/ground strap and how it is attached to bond pads of an IC die in 
accordance with the present invention; and FIG. 6 is a flow chart of packaging a device die 
in accordance with an example embodiment of the present invention. 

The present invention is advantageous in reducing the impedance of the paths 
connecting the power or ground of the device and the BGA package. Furthermore, the 
present invention can control the impedance of the signal bond wires by placing a ground 
strap at a predetermined distance from the signal bond wires. As shown in FIG. 1 , a graph 
of Bond Wire Height over the Ground Strap v. Impedance depicts the relationship. The plot 
assumes a 25/«n diameter wire and a bonding pitch of 50/mi. For the case of a bond wire 
without a ground strap, the impedance value is equivalent to the value at a height of 500/rni, 
138 ohms. 

Design requirements would dictate the desired electrical parameters. Impedances of 
50, 75, and 100 ohms are often used. For example, to obtain an impedance of about 50 
ohms a height of 25/mi is used. For an impedance of 75 ohms, the height of the bond wire 
with respect to the ground strap is about 50/un To obtain an impedance of about 100 ohms a 
height of 125jwn is used. 

Referring now to FIGS. 2 and 2A, in an example embodiment according to the 
present invention, a low impedance power or ground connection is made between a device 
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die and package in close proximity to wire bonds. This lessens the wire bonds' impedance. 
An example package 100 has a die 140 attached on a platform (not illustrated) within the 
package cavity 135. The example package may be a BGA-type configuration. For high pin 
count BGA packages (greater than 200 balls), the present invention provides a way of 
controlling the impedance especially in a high-speed impedance sensitive application. The 
technique may be applied to any given device die and high ball count BGA packages to 
enhance performance. In an example specific design, it may be useful to design ground 
pads interspersed among signal pads to better accommodate the ground strap. 

In a high-speed impedance sensitive application, having the ground strap enables the 
user to maintain a constant characteristic impedance, for example 100 ohms, throughout the 
package. Typically, the device output of a die is connected to a bond wire having an 
impedance of about 138 ohms and a length of about 4mm, which is then connected to a 
package trace having an impedance of about 90 ohms and a length of about 10mm. By 
using the ground strap in accordance with the present invention and with careful routing one 
can maintain a constant 100 ohm impedance from the device die to the package ball for the 
entire 14mm length. 

The lowered inductance of the ground strap improves the signal integrity by 
reducing the induced noise on the power or ground due to I/O switching current. 

A ground ring 105 surrounds the die 140. Bond pads 125 are device signal pads 
coupled with wire bonds 1 1 5 to package pad landings 1 1 0. The wire bonds 1 1 5 are in close 
proximity to ground strap 130, which in turn, is attached to a dedicated grounding pad 120 
on the device. This dedicated grounding pad may be a single pad or multiple pads 
depending upon the circuit design and layout. The robustness of the grounding strap 130 
enhances the device's ability to handle the transient currents of SSO. The ground strap 
inductance is about 1 .3nH for a 2mm strap as compared to 2nH for a 2mm bond wire. The 
ground strap reduces the inductance mostly due to its size in relation to the bond wire. 

Referring now to FIG. 3, the grounding strap 130 may be made of any suitable 
conductive material. In an example embodiment the grounding strap 130 is comprised of 
copper. The grounding strap 130 is a composite of materials. On one implementation of the 
grounding strap 130, on the top surface, there is a copper layer 205 of sufficient thickness 
for a given application. To facilitate bonding, the copper layer 205 has gold 210 attached at 
each end so as to facilitate the attachment of the strap to the device's grounding bonding 
pad 125 and the ground ring 105. An insulating material, such as a non-conductive metal 
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oxide may be added to form a layer 220. This layer 220 may be added to lessen the 
likelihood of forming accidental short-circuits during the wire bonding process. Other 
dielectrics may include polyimide, polyimide/polyamide, solder mask, PTFE, TEFLON™, 
or any other flexible dielectric suitable for printed circuit boards (PCBs). 
5 Referring now to FIG. 4, the grounding pad on the device may be configured in 

many ways. The criteria used in a given configuration, depend upon the design and layout 
rules and the degree of grounding strapping required. The arrangement 300 depicts a ground 
strap 305 bonded to a specialized ground pad 310 (shown in dashed lines). Bonding pads 
315 are located in close proximity. Bond wires attached thereon will have reduced 

10 impedance owing to the contribution made by the ground strap 305. 

Referring to FIG. 5, in another embodiment according to the present invention, the 
ground strap may include extending protrusions such that signal pads are situated between 
grounding pads bonded to the package's grounding ring. Arrangement 400 comprises signal 
pads 415 located between grounding pads 410, shown in dashed lines. The grounding strap 

15 405 has fingers for bonding the strap to the ground pads 410. 

FIG. 6 shows a flow chart where the above embodiments may be applied to a given 
device die having a high pin count and being packaged in a correspondingly high ball/pin 
count package. In an example embodiment, a series of steps 600 may be followed to 
implement the present invention on a device die and package. The designer defines the 

20 location of the signal and power/ground pads on the device at 605. Up front design work 
would focus on minimizing the incidence of noise on the device while increasing the 
performance of the device. A suitable package for the device and application is selected at 
610. Steps 605 and 610 often occur before any actual design is rendered in silicon. 
However, the present invention may be applied to any device and package combination. 

25 Having defined the device die pad layout and package, the bond ground strap is connected 
to the device ground pads and to the package ground at 615. Depending upon the type of 
package, these may be bonding pads or a ground ring that surrounds the device die, as in the 
case of FIG. 2. In addition, multiple ground straps may be used in a device/package 
configuration. After bonding the ground strap the device signal pads in the vicinity of the 

30 ground strap may be wire bonded to the corresponding package landings at 620. Remaining 
signal, power, and ground pads are bonded at 625. After bonding is complete, the package 
is sealed at 630. 
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While the present invention has been described with reference to several particular 
example embodiments, those skilled in the art will recognize that many changes may be 
made thereto without departing from the spirit and scope of the present invention, which is 
set forth in the following claims. 



